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In  January,  tha  Soviet  Minl8t**7  of  Dafense  organ  Kraanaym 

Zvada  (Red  Star)  \'^zan  publishing  In  the  apace  allotted  to  scientlfto 
and  technical  subjecte  a  aeries  of  six  a  1  pried  articles  generally 
entitled  '^Atomic  Ener(7«''  This  wee  followed  by  another  eerles  of 
seven  articles  entitled  '*The  Physics  of  the  Behavior  of  Nuclear 
Forces. ' '  Traislatlona  of  these  articles  are  available  in  the  RAND 
T-35  series. 

On  July  1,  19^t  the  entire  Soviet  press  carried  the  official 
announcement  concemlng  the  Inau  -uratlon  In  the  USSR  of  the  first 


Industrial  power  station  operating  on  atomic  energy.  Two  months 
later,  on  August  31«  l?5bf  Red  Star  bei^  a  nsw  aeries  of  artlclee 
generolly  wititled  "The  Problfass  of  Utj.liaing  Atomic  Ehergy. " 

p^eewt  article,  vjhe  fifth  lf>  this  ssriiee')  sas  wi'lfaten  toy 
wellwlmnsm  aivant  ihraCaMor  ^^okxx>vskyl5T]t>le  concamad  with  tha 


application  of  atomic  engines  to  submarines,  aircraft,  guided  nlesUee 

ZLr  \  -j  *,  •,  r 

end  eutomoblles.  The  ewther  eurfystsA  that  aromlc  submarines  could 


provide  an  excellent  mans  of  conmunication  in  the  Arctic  since  they 

could  travel  unhindered  ur.der  the  ice  where  there  is  always  a  layer 

of  unfrozen  water.  Although  not  yet  used  in  aircraft,  atonic  engines 

havA  great  significance  for  pilotless  avlaMon,  e.  g.,  guided  missiles, 

lon,;-ra;.ge  rockets,  und  car^^and  passenger-towing  elrcraft,  since 

there  is  no  need  for  e-  t.renvely  heavy  rhielrting  around  the  nuclear 

- — 

power  plant.  With  regard  to  autonobile  tranaport^he  indl.citee-  the 

•  I  t  r  ▼  r 

existence  of  a  pro joctyj  which  m.'Ucea  use  of  .^iseous  fissioneble  materials 


in  an  internal  combustion  type  of  enginei 


^Ti  Journal  of  Applied  Phj 


F.  J.  Krieger 


TrlE  PfCHLFMS  OF  UTILIoIHa  ATOMIC 
Tho  Nucleur  Fuel  Enr;in« 

In  recent  years  tremendous  successes  have  been  achieved  In  the  develop- 
nent  of  nuclear  physics  and  in  working'  out  practical  methods  of  obtalninp 
atomic  ener^.  These  s\iccesse3  even  now  provide  the  opportunity  of  using 
atonic  enerry  not  only  for  manufacturin";  electricity,  but  i.lso  In  various 
forms  of  transport*  There  is  no  doubt  ^hat,  on  the  road  to  the  wide  use 
of  atomic  sneriy  for  the  construction  of  mechanical  en^^nes,  serious  diff¬ 
iculties  will  have  to  '>)«  overcome  and  many  scientific-technical  problems 
will  have  to  be  solved* 

In  order  to  rmke  an  atomic  em'ine,  an  ordinajcv  uranium  pile  con  be  used 
in  idilch  the  transformation  of  natural  uranium  into  plutonium  is  accompanied 
by  the  release  of  a  rrost  amount  of  heat.  The  heat  is  utilised  for  heating 
a  steam  boiler  which  supplies  steam  to  a  turMre,  Thus,  a  uranium  pile  in 
this  case  represents  ^  unique  atomic  ^‘urnace  In  an  ordinary  steam-power 
plant. 

There  is,  however,  one  feature  of  an  atomic  ile  which  must  definitely 
be  taken  into  account.  It  emits  into  the  sur.  oun-liin;  space  a  powerful 
radiation  which  har  a  voT*y  pf'^ec*  people*  In  order  to  eliminate 

the  harmful  influence  of  thin  ra.’ii:>active  radiat  on,  it  is  necessary  to 
surround  the  pile  with  a  chiold  in  the  fonn  of  a  layer  of  concrete  or  lead 
weiiiiing  a>'Out  100  tons  for  every  cubic  !neter  of  volume.  This  makes  an 
atomic  steam  pow«r  plant  e/tremely  heavy,  Accordin.*  to  press  data,  the 
assumed  weijiit  of  an  atotoic  plant  for  a  '>00  ton  locomotive  of  6,900  horae- 

*ICim8naya  Zvezda,  Sept«nh^*r  199>i,  p,  3. 


powar  anounto  to  ap  >roxlm*tf?ly  iDO  tx>r.3»  1.  e.,  20  'crcont  of  the  entlro 
weirht  of  the  IccoTiotlvo, 

The  relative  ircr>aoe  In  the  wei  rlit  of  un  atomic  enclne  in  comparloon 
with  conventional  stoaa-power  plants  In  prc^ater,  the  less  the  powor  of  the 
en;:lne.  Consecinw'.tly,  one  can  assume  '  !mt  atomic  engines  may  In  pructlco 
be  u.'^nd  for  transport  ^  purposecj  ,  for  example,  in  the  navy  only  for  ooa- 
paratlvoly  larra  power  requirements,  approximately  tens  and  hundrode  of 
tliousands  of  horsepower*  Asides  this,  one  slioul-*  take  into  account 
fact  that  conventional  flim.ccs  for  steam  boilers  require  tremonhoue 
quantities  of  air  for  ’niminf^  coal  or  oil. 

An  atomic  on  ine,  however,  requ5reo  no  ir  a-i  all.  It  needs  only  a 
liquid  for  coollnn  the  steam  power  plant.  In  addition  to  which  the  equip¬ 
ment  for  coollnp:  can  be  made  "ufficlertly  compact. 

A  vftry  import  mt  property  of  an  atomic  engine  Is  the  fact  that  a  snail 
quantity  of  uranium  is  re<^ulred  for  its  operation  sysq  over  a  very  lengthy 
period.  Its  wel.d^t  and  volunie  ir.  comparison  with  the  whole  atonic  enfdno 
are  quite  insi'^tlficant.  Therefore,  an  atomic  en^e  can  In,  practice 
operate  (continuously  or  Intermittently)  until  the  bearings  of  the  turblna 
wear  out. 

If  one  compares  the  weiidit  of  an  atomic  steam  power  plant  with  the 
weirt't  of  a  conventional  steam  pow<>r  plant  (together  with  the  fuel  recjulred 
for  its  operation),  then  the  followini*  will  become  evident.  With  a  small 
supply  of  fuel  the  conventional  steam  power  pLint  will  he  li  ghter  than  an 
atomic  ona,  the  weigh.t  of  the  atomic  plant  being  greatly  Incr'^ased  by  tbe 
weight  of  the  shield  against  the  radiation  from  the  atomic  pile*  On  tha 
ottier  hand,  with  a  censider.  Ic  sup  1/  of  fuel  the  wei,t»t  of  »  conventional 
steam  power  plant  will  ^)e  subslantially  greater  than  the  welgi^t  of  an 
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fttOMlc  engine.  That  is  why  it  is  experllent  to  r.se  stomtc  r:tean  power  plants 
whan  the  mt^ins  [  roquirenentl  is  not  laee  than  apro’OiJ.nu.tely  10,000  horse-* 
power*  at  the  sane  time,  the  enj^ine  is  a' 'able  of  oi^f^ratln  •  for  a  lonp 
tine  without  refuelir;-,  roquirin^j  t’niolutcly  no  air,  IF  f’ere  is  u;  other 
substance,  for  exa«plr>,  water,  which  can  ’  •  used  as  a  coolant. 

The  properties  of  an  atonic  on!dne  also  doternine  the  possiVilities  of 
its  moat  profitable  application.  In  particular,  an  atonic  en  ine  may  be 
SuccessAiUy  used  In  large  submarines  desi  gned  for  lonc-rar.:.:e  ravl^ai  ion. 


In  the  upper  part  of  the  flf^ire  rcpn>iuced  hero,  a  basic  dia  of  an 
atonic  subiArine  is  shown.  The  section  with  the  atonic  enj-lne  is  ohown  in 
exDSB-sectlon.  Because  of  the  nuclear  reaction,  which  tivkes  place  in  the 
atonic  pile  (1),  a  trenerdous  quantity  of  heat  flows  continuously  throujd^ 
the  pipes  (2)  into  the  heat  exchanger  (*'),  There  hif^h  pressure  oteom  is 
produced}  it  sets  the  turbine  (6)  into  operation,  the  motion  of  which  is 
transmitted  by  a  fear  drive  to  the  shaft  (9)  of  the  propeller  (ID),  The 
diagran  of  the  engine  also  oontaLns  a  pump  (3),  a  condenser  (7)  and  plpe» 
Ilnee  ($  and  6}« 


Subearines  with  atomic  engines  could  be  of  substantial  Interest  from 
a  military  point  of  view  for  carrying  out  Ion  j-range  operations  against  the 
enemy’s  conojunlcat  ions.  These  v**3sels,  howevor,  will  find  a  serious 


application  also  for  r>fMiCerul  piirp<^s«a,  Th«y  do  not  r*.iuire  air  for  tha 
op#  rati  on  of  ih«  engine  and  a-o  cujjahlo  of  trf»v»»lllnf  under  water  for  a 
very  loi  p  tlmo  without  surfarln..,  Matnl ».lnin<»  a  aurflclent  quantity  of 
03cyi*en  I.*:  such  u  suhnarino  Tor  ne  p»  rrsonnol  to  breathe  and  absorbing  the 
carlmn  dlorldo,  wlilch  the/  rirof'vicp,  aio  accompli. .hed  comMartitlTely  slii^ly* 

Under  such  condiilon.^  atonic  submarines  could  provide  an  excellent 
means  of  commrini -atto!.,  for  oxanplo,  in  the  .  rctlc.  The  surface  of  the 
water  in  ^ be  nrctlci  lor  a  coni'i'^erabla  iju’-t  of  the  y^<ar,  is  covered  with 
ice  which  is  difficult  for  surface  vessels  to  surmount,  tinder  the  ice, 
however,  there  is  alwj^ya  a  layer  of  un.^'roien  water  Ir.  which  a  suleiarlne 
can  travol  unlilndered*  Should  it  :>e  necesruiry  for  the  crew  of  the  vessel 
to  come  to  the  surface,  it  is  easy  to  i->ore  throuj^h  the  ice  from  below  and 
to  push  outside  a  wide  pipe  with  a  ladder  or  elevator.  Throunh  such  a  pipe 
it  would  be  possible  not  only  to  lar>d  people,  but  also  to  unload  rarious 
materials. 

The  prospects  for  the  peaceful  use  of  atoalc  sutnarlnes,  however,  are 
of  little  Interest  to  the  reactionary  forces  of  the  imperialistic  eta tee. 
This  is  indicated  by  the  sensation  raised  In  the  foreign  press  about  the 
American  military  suboiarlnes  "Nautilus'*  and  "Sea  Wolf."  These  eub- 
marlnes  according  to  the  data  of  the  forei^  press  do  not  differ  in  any 
particulars  from  the  dlarxam  conn'idered  a^x>ve  and  resulting  from  the 
physical  i>asoB  of  utilizing  atomic  cner  *y.  Moreover,  according  to  the 

latest  data,  the  Americans  have  not  yet  sueceeded  in  practioally  mastering 
the  Bunnarlne  ''Nautilus"  which  tlwy  havs  «illt.  Her  trials  are  being 
postponed,  and  troubles  connected  with  the  atomic  en'd-ne  have  not  yet 


Part  V 
-7- 


« 

puccaanfully  rtl’nlnatod* 

Aviation  la  another  riel'^l  Tor  the  posrii^lp  utillzatlo’^*  of  atonic 
•nttines*  Here  onn  can  apralf.  In  the  flrat  place,  afvx)t  steam  tur^lnea 
which  turn  propollerR  in:  obtain  steam  from  ttr  h^at  produced  In  an  atonic 
pile*  In  the  aecond  place,  there  Is  thr  -possibility  of  creatin;:  a  turbojet 
midLne  In  which  the  hoatlnc  of  the  air  is  accomplished  (directly  or  by 
Mans  of  a  heat  eKciian'^er)  by  an  atomic  pile.  In  the  thlri}  place,  one  can 
speak  of  the  construction  of  a  liquid  b-*A  Jet  en-dne  in  which  the 
heatln^  of  the  re^ctiro  r^ae :  Is  acco.irllQhed  uy  an  atomic  pile*  All  these 
prospecta  are  of  significance,  first  of  all,  for  pilotless  aviation  •» 
guided  missiles,  lonn-ran,'^  rockets  and  Uie  like*  There  are  no  personnel  In 
such  machines  and,  therefore,  there  is  no  need  for  an  extremely  heavy 
protective  Jacket  for  the  atomic  pile.  This  ^atly  reduces  the  wei  :ht  of 
ths  plant  and  makes  It  suitable  for  use  In  a  flylnf:  macliine. 

No  less  probable  is  the  use  of  atomic  enr^es  In  aviation  for  remote 
oon trolled  towlnf3  aircraft.  These  tractors  could  be  used  to  tow  passenger 
or  oarro  glidei^.  It  le  possible  to  obtain  the  necessary  attenuation  of 
the  radiation,  which  is  dangerous  to  the  living  or-'anism,  by  a  sufdcient 
length  of  tow  line,  and  so  also  of  d^stat?ce  between  th.e  towing  aircraft 
with  the  unshielded  atomic  yile  and  the  towed  glider  with  the  people.  Here 
distance  alone  will  replace  'he  ''reat  mass  nf  the  nu'-n^ance  of  the  protec¬ 
tive  Jacket  of  thi»  atomic  pile. 

In  connection  vltli  poeelhlHty  of  uslnr  it/omic  energy  In  aviat  ion  . 
there  ai-ises,  even  more  .icutely  than  wltii  conventional  jet  aircraft,  the 

» 

Noiet  Hie  Na  util  us  waa  l.'i-)nch<^d  at  Oroton,  Connecticut,  on  21  January 
It  was  not  until  17  January  19'j'^i  however,  Uiat  she  underwent  her 
^irst  sea  te;t3,  in  long  Island  3ound,  on  nuclear  power,  Kd, 


ptft  f 


probli^R  of  convertln.’T  the  t>un.iat  of  the  an  Into  a  briVinc;  ''once  for 
ahort«nin^^  the  landing  run  oin  ^  Improvlrir;  the  naneuvera  illlty  of  the  alrcreft 
In  the  kJr.  Ut  til  recentU  .  ♦heo©  taaVs  neeraed  almost  insolnblg.  Lately, 
however,  In  forma  ion  appeared  in  the  nrosi  a^jut  ',ho  or  atlon  of  an 
apparatus  called  the  devl*t,or.  It  is  Installed  In  the  jet  noiale  at  the 
point  where  tne  ,^4368  emer.i.e,  ^^e  deviator  coot.iiji8  n  rotatable  xid  with 
blades  for  doflectln*]  the  notion  of  the  r^seo  in  the  desired  direction* 

By  means  of  such  a  device  a  ’^ointer-thrust  of  the  order  of  1?  bo  20 
;»crcent  of  the  econo's  naxlmpm  thpjst  can  ?e  obtained*  As  ^  result,  the 
speed  of  the  aircraft  and  th»'  landinr:  :  rieed  are  ronsidaraiOy  deer  ased* 

Ttie  r.i'/e  of  the  landing  strip  is  reduced*  There  is  a  fnibstontial  rein  in 
time  when  coming  in  for  landin-^  and  the  mannuverat'ility  of  the  aircraft 
and  the  life  of  the  landin,;  ear  are  Incroaned*  olnca  such  a  deiriator  can 
be  used  in  any  enuilne,  rfuntlesn  of  diameter,  temperature  find  velocity  of 
flowin'^  pas  let,  Lomptltir  prospects  open  up  for  solvinp;  the  pro'-lera  of 
luidinr  aircraft  with  atomic  etv  ines*  In  thr  lower  part  of  the  fl;nire 
reproduced  here  Is  shown  a  rkf'tch  ol'  a  tiirlx)-coripre8iior  Jet  erj^tne  which 
operat'^s  on  ut,of<Tic  feel  nnd  connlota  of  a  comomaeor  (a),  an  atomic  pile 
(b),  a  turbine  (o)  and  a  deviator  (d)* 

In  practice  no  atomic  en':lne  has  yet  ’  ewi  used  in  aviation*  The 
pussi bill  ties  of  Its  use,  however,  are  very  dreat ,  and  modern  technology 
allows  thorn  to  l>e  realized  ty  various  m<  ans* 

No  lens  realistic  in  the  future  is  the  utilization  of  itoodc  fiiel  for 
autcmobllo  transport*  There  e.  ists,  for  ej»mple,  ruch  a  project  for  a 
low-powered  en  Ine  usinn  an  atomio  reactor.  The  reactor  is  ^ade  in  the 
fom  of  e  cylinder  with  a  piston.  The  space  inside  the  cylinder  is  filled 
with  nuclear  fuel  in  a  gaseous  state  ^nder  certain  pressure*  I'ihen  the 
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^•ten  move  s  the  gM  is  cos5)r0S3«d«  soon  as  it  attains  a  certain  volume, 

41  gaelear  f lesion  chain  reaction  ecins#  The  products  of  the  reaction 

great  pressure  on  the  piston  and  force  it  out#  The  volume  of  the 
cylinder  beecmiss  greater  than  critical,  and  the  nuclear  fission  chain 
reaetim  stops#  If  several  c^^linders  are  taken,  one  can  obtain  an  atomic 

engine  similar  to  sn  autmobile  engine#  Ikidoubtedly^  in  order  to  completely 

* 

eUidMte  lom  of  neutrons,  the  cylinders  in  this  case  must  be  made  of 
materials  which  raflect  neutrons  veil#  It  it  possible  to  regulate  the 
pcmw  of  the  reactors,  hmce  also  that  of  the  its  starting  and 

stopping,  by  rods  of  cadmium  or  boron# 

It  Is  5ntex^stlng  to  compare  the  expenditure  of  t'uel  for  the  conventional 
eiif^ne  of  the  •*Poboda**  motornaar  ar  d  that  of  an  atonJ^^  o’^gine  of  ap  >rox- 
llaately  the  same  power#  Tli©  •*Fobeda*  *  consumes  10  to  11  tons  of  r^eoline 
aemr  a  distance  of  100,000  kilometcrn#  An  en;'’ine  op© rat, in  :  »n  nuclear  Jhiel 

will  require  only  f  nrams  of  uranium#  Let  us  assume  t^iat  10  percent  of 
the  nuclei  w’ll  fissior  •  Then  to  ensure  normal  operation  of  an  atomic  an  Ine 
Of  such  power  over  a  distance  of  100,000  kilometers,  i(  will  be  neccsnary 


to  |nit  Into  it  60  fTans  of  iViCl^ar  fuel# 


In  nractice  tld  3  is  ’Uito 


feasible  • 


There  romalns  only  tx>  lo<  k  after  t  li© 


pT*otrtct1on 


n.;Mlnst 


the  radioactive  radiaiior* 


All  that  ha  s  said  p'-imito  one  to 


:*nncl  1 )  rd  on  that.  al  r<  ady 


today  at^omic  teclmique  is  a  ranidly  TOvln  t.ra.f  ch  of  In  the 


future  it  will  develop 


n  more  Imi^i-tuotnO  y,  t  hw.n  jwsi  of 


utilizing  atomic  nner.gy  are  ’  rcoiniiif!  morn  and  more  hWe  ee,  c tally  In 

our  country  idiere  all  the  jchirv{‘fnr.?itfB  of  science  tnd  i-eohiiolo/y  are  placed 


in  the  service  of  the  pr^oyle# 

Profee  or.  Doctor  of  T^^chnlcal  $cl oners, 
Hajor-General  of  Kfijxneeriiv,  and  Technical  Service, 

0#  POKIDVnmr. 


